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PURPOSE: To perform branch di rectior. control of 
a carrying truck by excising 

only one of ulnoar i r.ciuci..: on actors split, tea into 
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two . 



CONSTITUTION: When a carrying truck 1 travels on 
a normal carrying path, 

both linear .induction motors 2a, 2b are excited and 
the carrying truck 1 

travels with supporting rollers 4a, 4b t. hereof 
being supported on supporting 

members 7 a, 7b and guide rollers 3a, 3b thereof 
being guided by guide members 

6a, 6b . When the carrying truck 1 travels on the 
left side branch path, only 

one linear induction motor 2a is excited and the 
carrying truck 1 travels while 

being attracted toward the secondary conductor ba. 
At. this time, the carrying 

truck 1 travels with the supporting roller 4a being 
supported on the supporting 

member 7a and the guide roller 3b being supported 
by a gui.de member 8b at the 
branch section. 
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A<I\ to gel flux up lo a target value during one pulse interval infer a more up-to-date velocity parameter by examining the 

Al. This net flux change per :iir.c interval is substituted for relationship of velocity to ratcs-of-ehange of the fltix and 

the time derivative of flux on the right side of Lq .51, while current parameters going into Hq and designing for slope 

the right side of Lq. 52 is substituted for the left side of Ln. measurements and compulations based on those parameters 

5): 5 and rates. As velocity approaches zero, the error tcnii with 

the gain multiplier "("' goes lo zero as "x^,." approaches the 
target "x„„„." Hy expressing gain as the ratio of "G" to 

V£VAt)-«'j&.M,!-K 5?1 anticipated flux magnitude, one achieves a relatively con- 
stant gain in the realm of force and acceleration. If the factor 

£ v - i . lhc l'.: "<■'" is pushed loo high, the controller will become unstable 

intcrvat. t,„ Lo he tired ,n order to provide the desired A*: U^'nicmunjliw limes "he conlmUcr time intend 

also due to possible high-oruer time response lags (such as 

t .v\*'/«'irr m| c ' nrcct ) in :hc clcclroniccka;iiciil system By varying 

15 dynamic gain adaptivcly as shown in Lq. 5f>, the designer 

Note that the two terms in the parentheses on the right of helps insure stability over a range of operating conditions 

Lq. 54 have SI units of volt-seconds, and are divided by an and can push the limits of loop gain over the entire operating 

on-vollagc to give a pulse period in .seconds. Ir: the case ot envelope. Where landing force does not vary significantly, 

a pair of field "effect transistors (IE Is) switching one end of the coefficient "(G <l>„,,)" can be replaced by a constant 

a solenoid coil between a supply voltage and giound, ;o coefficient without compromise to the controller design. The 

presuming similar on-resistance for'the two I l ls, then it is «ain and phase lead cocllicienls of Lq. 56 can be set, in a 

appropriate to include the l'LT on-resistancc as part of the practical context, hy empirical determination of good 

net resistance "R," in addition lo winding resistance, and performance, or Ihcy can be .determined for a specific control 

then set V„ to the full supply rail voltage, without correction system from analytic considerations. Notice that in a rnicro- 

for drop across the switching 1-liT. " :? processor that does not provide to; fast numerical division. 

The value for A<1> comes from the most lecent dctermi- 'he ratio <]>.,.," can he computed in advance ol'a solenoid 

nation of flux by measurement, <!>„ for time index "n" just launch ami used .is a constant multiplier during real-time 

passed, and a target !hix, '!>„.,, determined as fulfilling, the dynamic control, 

force requirement of the "PUT control loop: " Concerning landing point errors, if the estimate used for 

i: " < 1 > „," is in error, then either: 

As indicated ui Iiq -IK. for a magnetic „>ap approad.it., 2) shu, ", C lam ' wilh a . "^"'P" pealed by an 

zero, force vanes n-ughlv as tne square ofm*^" flux, lor , ^^.M reduction or bounce in "dx.^ll. 

a control system in winch the lam:,,.,' or holdim: force lo be " h ca! *. >' i,S , ""J™. va - uus , \ '^~< .'^ Wach a , 

expected on a given landing is estimated from the force ""'^ ll,Uil - ,hJ ! ,! Uml ,U ." t f atl "' 1 >' K ^™* 

remiired on r' ' i't I nd l >s hi • -ilr II • w'll •id)" 1 n haiancc ttie load force, in which case tie final value of flux 

end-point valued force or i^pracli'e Vlic tarX-l liux l«nl ma >' " c S '- M ,Ir ' ,:c ' v lar « cL *'''V" which will exceed the 

was required to pinvide that holding, force, <t> IKI . '\yis target 11 ' < j^'c"^ '•»"%> _ •• his ben -v>rcstimal -d -'iv! • an b- 



based on the most recent landing, or po.vsibi- 



landing. Alternatively, a better estimate of "<I> " might b 



extrapolation from two or more previous landings. Because c " " l " ux ^ 111 "V*™ 8 

of the square-law nature of the force response, a given flux ^ ™ "TpcScnt ^.r th"'',,' lure 'nonlmeande^of '^he 

tmereforem^cekial^ magnitude a PP ara,us / ™f P'°™«' Jrc ,ak f 

<j> A | im .. lr conlrn | mclhiM , ,, a! ^ d p ;, s j,j on .. x w •• . uul Place, the controller-determined dynamic flux "<t>„,i might 

" ' ■' ' t) be decreasing because of the increasing nonlinear multiplier 

v shuttle is decelerating as it approaches its target, since that 



lid achieve difl'cre 

lake the loop' r,. in 
.his might he relev. 



In Lq. 5o, "(1" is the loop itain coetlicie.V 
Phase lead lime conslanl lor the derivative e 


)iilioller tern:. 


soft landing target. In a 


The overall controller method includes repe 


ilive solutions 




to Lq 56, willi substitution of the result lion) 


i(] 5l')lllt0luj. : 


lo dvnaime overshoe 


55, and from Lq. 55 into Lq. 51, where the p 


ilsc interval is 


mechanical slop, this ■ 


for "x/ come from cmher equations, dep 




loop parameters, wliict 






achieve the smoothest 


of "1 L" or integral determination of '<I>" as t 




- As a practical matter 


the lime derivative of "x..„" typically come. 






diffeter.ee over the most recenl lime interval 







the force needed to hoid the shuttle against the load force 
would be decreasing; or flux change on landing approach 
may be driven significantly by changing load force. If there 
is any dynamic overshoot or tendency toward ringing in (he- 
practical nielli,*!, some reduction in 
1 for if the shuttle lands with a bump 
anlcalstop. If there is bumping due 
with final settling short of the 
idicates a problem with the control 
have been set for less than critical 
juslincuils in gain and phase lead M 
xissihle approach. 

, there is generally "no hurry" about 
ichdown is approached, duty cycle 
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